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Abstract.—In southern Mexico, local communities have been playing important roles in the design 
and collection of wildlife data through camera-trapping in community-based monitoring of biodiversity 
projects. However, the methods used to store the data have limited their use in matters of decision-
making and research. Thus, we present the Platform for Community-based Monitoring of Biodiversity 
(PCMB), a repository, which allows storage, visualization, and downloading of photographs captured 
by community-based monitoring of biodiversity projects in protected areas of southern Mexico. The 
platform was developed using agile software development with extensive interaction between computer 
scientists and biologists. System development included gathering data, design, built, database and 
attributes creation, and quality control. The PCMB currently contains 28,180 images of 6478 animals 
(69.4% mammals and 30.3% birds). Of the 32 species of mammals recorded in 18 PA since 2012, 
approximately a quarter of all photographs were of white-tailed deer (Odocoileus virginianus). Platforms 
permitting access to camera-trapping data are a valuable step in opening access to data of biodiversity; 
the PCMB is a practical new tool for wildlife management and research with data generated through 
local participation. Thus, this work encourages research on the data generated through the community-
based monitoring of biodiversity projects in protected areas, to provide an important information 
infrastructure for effective management and conservation of wildlife. 
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Community-based monitoring of 
biodiversity (CBM) requires participation of 
local people in study design and data collection 
(Meffe et al. 2002, Danielsen et al. 2007, Conrad 
and Hilchey 2011). This local intervention 
increases probability of success of conservation 
projects because it creates a sense of ownership 
among participants (Danielsen et al. 2007, 
Conrad and Hilchey 2011, Dickinson et al. 
2012). CBM yields other benefits, such as 
creation of local employment, increased human 
capital, and increased tolerance of human-
wildlife conflicts (Treves et al. 2009, Burton 
2012). CBM is particularly necessary in areas 
with high biological and cultural diversity, as 
well as in areas where land tenure is communal, 
as in state of Oaxaca in southern Mexico.  
Oaxaca holds some of the richest 
biodiversity in Mexico (Flores-Villela and 
García-Vázquez 2014, Navarro-Sigüenza et al. 
2014, Parra-Olea et al. 2014, Sánchez-Cordero et 
al. 2014, Villaseñor and Ortiz 2014). It also has 
impressive human ethnic diversity: 16 of the 58 
native groups of Mexico, and 158 of the 291 
known languages in the country (De Ávila 2008). 
Almost 70% of its territory is under communal 
land tenure, and community members carry out 
decisions about management of natural resources 
(Bray et al. 2008, Martin et al. 2011). 
Communities of Oaxaca have been pioneers in 
community conservation processes (De la Maza 
2010); currently, at least 880 community 
conservation areas and 12 governmental 
protected areas exist in the state, together 
protecting 12% of the state’s land area (Briones-
Salas et al. 2016). 
To involve landowners in gathering data of 
wildlife populations, the Mexican government 
has implemented the CBM projects (CONANP 
2016). The purpose of these projects is to provide 
equipment and training to local people on use of 
camera-traps and global positioning systems; 
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count and photograph mammal signs; census 
birds; and update databases (CONANP 2016). In 
the last three years, CBM projects in protected 
areas of Oaxaca have generated ~150,000 
photographs and videos. However, the resulting 
data are being stored in ways that restrict access 
to the information, thereby limiting their use in 
decision-making and research. Since analyses of 
wildlife data are essential to conservation and 
management efforts (Meffee et al. 2002), open 
access to biodiversity data becomes crucial 
(Molloy 2011, Thessen and Patterson 2011, 
Hanssen et al. 2014).  
Because biodiversity processes are 
dynamic—and conservation and management 
efforts must be designed to incorporate this 
characteristic—it is crucial to implement tools 
that allow prompt distribution of information 
regarding occurrences of species, their 
abundance, their trends, and their ecosystem 
services (Thessen and Patterson 2011, Nesshöver 
et al. 2016). As such, biodiversity data 
repositories have proven crucial in supporting 
management efforts, adding to scientific 
knowledge, and increasing citizen appreciation 
of biodiversity (Conrad and Hilchey 2011, 
Thessen and Patterson 2011). 
Therefore, with the goals of processing large 
amounts of data, assembling geographic 
information with photographic records, and 
providing educational materials in accessible 
formats, a platform for serving data resulting 
from biodiversity monitoring was created. The 
aim of this work is to present the development of 
the Platform for Community-based Monitoring 
of Biodiversity (PCBM1). 
 
MATERIALS AND METHODS 
Study Site 
Community-based monitoring of biodiver-
sity projects had been implemented in 18 
protected areas in southern Mexico, distributed 
in various sectors of the region: the Western 
Mountains and Valleys (Mixteca region), Sierra 
Madre de Oaxaca, Central Valleys of Oaxaca, 
Central Mountains and Valleys, and Balsas 
Depression physiographic sub-provinces (Figure 
1). The Western Mountains and Valleys are 
characterized by temperate climate, holding pine 
                                                   
1 http://dsjm-conanp-monitoreo.org/.  
forest and pine-oak forest, and at low elevations 
tropical deciduous forests. The Sierra Madre de 
Oaxaca, in northern Oaxaca, holds pine-oak 
forest, oak forest, and montane cloud forest. 
Tropical perennial forest is found in the foothills. 
Lowlands and knolls dominate the Central 
Valleys of Oaxaca, where landscapes have been 
modified for agriculture, pastureland, and 
settlements, in a tropical climate setting (Ortiz-
Pérez 2004, INEGI 2013). 
 
Community-based Monitoring of Biodiversity 
Since 2011, the Sierra Juárez-Mixteca Office 
of the Mexican National Commission of Natural 
Protected Areas began implementing programs 
aimed at raising awareness of the significance of 
conservation in protected areas located in 
Oaxaca. In a series of meetings, we presented 
program objectives for wildlife monitoring to the 
authorities of communities and community 
assemblies in protected areas. To involve local 
people in monitoring, incentives provided 
included equipment, training, temporary 
employment, and field assistance, with regular 
reports. 
Members of monitoring committees were 
selected by the community assemblies, with 
basis on experience in conservation projects and 
knowledge of the territory. In workshops, 
monitoring committees were trained in use of 
camera traps, geographic positioning systems 
(GPS), cameras, and databases. Numbers of 
camera traps in communities were a function of 
the annual budget of the Sierra Juárez-Mixteca 
Office and ranged 4–10 devices. During surveys, 
monitoring committees followed standardized 
protocols for camera-trap data collection 
(Chávez et al. 2013, Padilla-Gómez et al. 2015).  
Training protocols included details of 
distances between camera traps (1-3 km), 
placement of camera traps at sites (i.e., distance 
between targets and camera traps, height above 
the ground, and orientation with respect to 
sunlight), and several dry-run tests. An important 
element was recording geographic coordinates 
and elevation with a GPS of each camera trap 
site. Experienced team members accompanied 
monitoring committees during initial field 
surveys and at intervals thereafter. Camera traps 
 
Figure 1. Map showing the study area. Red dots show locations of camera traps; gray polygons show administrative 
boundaries of subprovinces; blue polygons show Mexican government protected areas; and green polygons show 
areas voluntarily destined for conservation. 
 
 
Figure 2. Workflow in development of the Platform for Community-based Monitoring of Biodiversity.  
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were checked every ~15 days to download the 
images and change batteries. Camera traps 
remained in the field for 1–6  months whenever 
feasible. 
 
Platform Development 
The PCMB was developed using an agile 
software development approach. The process 
consisted of an initial work plan and several 
proofing cycles that included testing, 
assessment, and improvement until the platform 
was functioning according to desired objectives 
(Pressman 2006). These iterations were carried 
out via multiple meetings between computer 
scientists and biologists, which improved the 
workflow greatly (Figure 2). System 
development was conducted in three stages: (1) 
gathering data, in which photographs, videos, 
and data acquired were compiled; (2) 
development and design of the platform, in 
which the maps module was created to feature an 
interactive map showing the locations of the 
camera-trap stations via GoogleEarthTM; and (3) 
designing database relationships using 
Workbench software 2  (Pressman 2006), and 
developing schemes to show relationships 
between data and attributes in the databases. The 
database was created in MySQL. Once diagrams 
were built, a database with all information on the 
biodiversity of each protected area was created. 
All interfaces were designed using 
HyperText Markup Language (HTML) and 
Cascading Style Sheets (CSS) to create the 
appearance of a web page. The website was 
developed using the Pre Hypertext Processor 
(PHP) programming language to link the site to 
the databases, organize the data, and return the 
content as HTML to the browser. To simplify 
interactions between HTML documents and to 
make pages more dynamic, the JQUERY library 
of the JavaScript programming language was 
used, which includes plug-ins like 
JQUERY.VALIDATE, JQUERY.UI, 
JQUERY.AUTOSIZE and MODERNIZR. 
Finally, NetBeans was used to integrate the 
website; for geographic information, the Google 
Earth and Google Maps APIs were used. Once 
completed, the platform was housed in a 
                                                   
2 https://www.mysql.com/products/workbench/  
3 http://rs.tdwg.org/dwc/  
4 http://www.naturalista.mx/  
DreamHost server, which provided flexibility to 
the site in terms of storing capacity and speed 
connection.  
The platform allows access to two types of 
users: managers and users. The manager has 
control over stored information through the 
attribute options. This interface includes options 
to convert Excel databases to tables in Darwin 
Core3 format, and to label photographs also in 
Darwin Core format (Wieczorek et al. 2012). 
Meanwhile, the user or visitor can access an 
interactive Google Earth map showing locations 
of camera trap stations. The visitor can perform 
a search on species or biodiversity measures, 
using filters such year, month, activity patterns, 
protected area, and vegetation type, and 
download a data table in Excel. The platform also 
generates Quick Response (QR) codes for each 
camera trap station, so a QR reader can view 
species recorded in each of them. For each 
photograph, the platform can generate a 
standardized data card with appropriate metadata 
(Botello et al. 2007, Thessen and Patterson 2011, 
Wihtlock 2011; Figure 3). It can also generate a 
fact sheet for display or download as a PDF with 
information on each species recorded in a 
protected area. 
 
Interoperability 
In the PCMB, we added the capability to 
export data in Darwin Core format (Tegelberg et 
al. 2012). It also can migrate data to Naturalista4, 
the main citizen-science platform in Mexico 
(Koleff et al. 2014), and the Global Biodiversity 
Information Facility (GBIF) platform5 (Graham 
et al. 2004). To this end, a script was created in 
the PCMB that generates a file of metadata 
resources, a metafile describing the content and 
relationships of text files in the Darwin Core file, 
and a text data file. The information is then sent 
to the National Biodiversity Information System 
(SNIB), which is housed by the National 
Commission for the Knowledge and Use of 
Biodiversity (CONABIO6) and linked to GBIF. 
Although in the current version of the PCMB, the 
Audubon Core metadata schema (Morris et al. 
2013) was not considered, it could be integrated 
in the future. 
5 http://www.gbif.org/  
6 https://www.gob.mx/conabio  
 
 
 
 
 
 
Figure 3. Example of a standardized data card generated by the Platform for Community-based Monitoring of 
Biodiversity, corresponding to a photographic record of a jaguar (Panthera onca). 
 
 
 
 
 
 
 
Figure 4. Mammal species with highest numbers of independent photographic records (a) and the highest 
relative abundance index (b) deposited in the Platform for Community-based Monitoring of Biodiversity. 
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Data Workflow 
During surveys, monitoring committees 
downloaded images, naming them according to 
the camera trap site. Subsequently, we visited 
communities within the program to gather 
images and associated data. Data were 
centralized and stored at the Sierra Juárez-
Mixteca headquarters. 
Before uploading photographs to the 
platform, a team of experts on mammals or birds 
identified the animals in each photograph. These 
specialists acted as a quality control (Thessen 
and Patterson 2011). Photographs were 
considered as independent and uploaded to the 
platform when they met the following criteria 
(Monroy-Vilchis et al. 2011): (1) pertaining to 
different individuals, and (2) same individual or 
species taken at intervals of >24 hr.  
 
Data Analysis 
Biodiversity measures implemented in 
PCMB included species richness, frequency 
index, relative-abundance index, and diversity 
index. We also included number of species in 
categories of threat and protection according to 
the Mexican Norma Oficial 059 (SEMARNAT 
2010), number of species in the Red List (IUCN 
2016 7 ), number of species listed in the 
appendices of the Convention on International 
Trade in Endangered Species of Wild Fauna and 
Flora (CITES8), and number of endemic species 
(Briones-Salas et al. 2015).  
 
RESULTS 
The PCMB was finished and launched in 
June 2015. To date, the data comprise 6478 
independent photographs of 28,180 records 
obtained since 2012. Photographs correspond 
mainly to mammals (4497 photographs; 69.4%) 
and birds (1962 photographs; 30.3%). The rest 
were images of reptiles (16 photographs; 0.2%). 
In all, 4000 independent photographs and 
associated metadata have been shared with 
CONABIO, the Mexican node of GBIF. 
 
Mammal Species Diversity 
Over the course of the project, 32 species of 
medium and large-sized mammals were recorded 
in the protected areas. The average number of 
                                                   
7 http://www.iucnredlist.org/  
species documented in protected areas was 12.2 
(range 4–21). Eight species, including coati 
(Nasua narica), white-tailed deer (Odocoileus 
virginianus), and gray fox (Urocyon 
cinereoargenteus) were found regularly in 
protected areas, being recorded in >10 areas. In 
contrast, the striped hog-nosed skunk 
(Conepatus semistriatus), ocelot (Leopardus 
pardalis), long-tailed weasel (Mustela frenata), 
and red brocket deer (Mazama temama) were 
recorded only in one PA each one.  
One quarter (25.2%) of all independent 
photographs were of white-tailed deer. The 
species with the second largest number of 
independent photographs was opossum 
(Didelphis virginiana; 7.7%), followed by coati 
(6.3%; Figure 4a). The relative abundance index 
was highest for white-tailed deer, followed by 
collared peccary (Pecari tajacu) and Eastern 
cottontail (Sylvilagus floridanus; Figure 3b). 
 
Conservation Status 
We found 7 mammal species listed in the 
Mexican Norma Oficial: Baird’s tapir (Tapirella 
bairdii), jaguar, ocelot, margay (Leopardus 
wiedii), and tayra (Eira barbara) were listed as 
endangered; hog-nosed skunk is listed as subject 
to special protection; and yagouaroundi 
(Herpailurus yagouaroundi) is threatened 
(SEMARNAT 2010). Worldwide, the Mexican 
agouti (Dasyprocta mexicana) is considered as 
critically endangered; Baird’s tapir is considered 
as endangered; and jaguar and margay are near 
threatened (IUCN 2016). Seven species were 
listed in the appendices of the CITES: Baird’s 
tapir, jaguar ocelot, margay, and yagouaroundi 
are in Appendix I, and bobcat and puma (Puma 
concolor) are in Appendix II (CITES 2015). 
 
DISCUSSION 
PCMB is an innovative platform of 
biodiversity data developed to centralize, 
standardize, and serve open-access biodiversity 
data and analyses from community-based 
monitoring (CBM) projects using camera traps in 
protected areas of southern Mexico. PCMB is 
proposed to advance wildlife management and 
conservation efforts in protected areas. In 
addition, the platform fosters collaboration and 
8 https://www.cites.org/  
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exchange of information among specialists, 
scholars, researchers, and the general public 
through consultation and decision making. 
Four additional platforms now provide 
camera-trap data, including Wildlife Insights9 , 
eMammal10, DeskTEAM11, and the WII camera 
trap data web portal 12 . These platforms and 
PCMB share the objectives of data mobilization 
from camera-trapping projects (Fegraus et al. 
2011, Hanssen et al. 2014). PCMB is comparable 
to DeskTEAM and the WII portal. DeskTEAM 
is a partnership among Conservation 
International, Missouri Botanical Garden, 
Wildlife Conservation Society, and Smithsonian 
Institution (Fegraus et al. 2011). The WII portal 
resulted from a collaboration between Indian and 
Norwegian researchers (Hanssen et al. 2014).  
Emphasis on local participation in 
DeskTEAM and PCMB is an important 
difference from the WII portal (Fegraus et al. 
2011). For example, the WII portal includes only 
a very few CBM studies (wild mammal 
biodiversity in the Pune District), with most data 
coming from specialized researchers. 
DeskTEAM, eMammal, and PCMB include 
training in use of camera-traps (in-person or 
online): eMammal users pay subscription fees, 
whereas DeskTEAM and PCMB are free of cost. 
eMammal presently serves data from 64 projects, 
and DeskTEAM from 16 projects, both 
worldwide. PCMB manages data from projects 
in 18 sites, all in southern Mexico, although it 
can manage data from anywhere. A next step of 
these different camera-trap data repositories 
should be to integrate or share data between 
platforms, as proposed by Forrester et al. (2016).  
Thessen and Patterson (2011) noted that a 
problem with repositories developed through 
projects is lack of long-term funding. eMammal 
is a non-governmental initiative, supported by 
subscription fees. Wildlife Insights and 
DeskTEAM are supported by non-governmental 
and private agencies. The WII portal is supported 
by the Norwegian and Indian governments, while 
PCMB is supported by the Mexican government.  
Despite the differences, all of these 
platforms fit one of the core goals of the 
Intergovernmental Platform on Biodiversity and 
                                                   
9 https://www.wildlifeinsights.org  
10 http://emammal.si.edu/  
Ecosystem Services (IPBES) by “filling 
knowledge gaps; build local capacities; and 
assessing the state of the planet’s biodiversity” 
(Kok et al. 2016, Schmeller and Bridgewater 
2016). These platforms provide access to unique 
data resources, protect the integrity of the data, 
and incorporate normalization, standardization, 
automation, quality control, and analysis of the 
data (Thessen and Patterson 2011). Through 
these platforms, decision makers and non-
specialists can learn about the presence of 
medium and large-sized mammals around the 
world (Hanssen et al. 2014, Fegraus and 
MacCarthy 2016). 
Projects implemented in southern Mexico 
have sought to integrate local communities since 
their initiation (CONANP 2016). We noted that, 
at the beginning, villagers regarded the project as 
just another task. However, after retrieving the 
first images captured with the camera-traps, 
persons involved in the monitoring committees 
were able to see the different species of 
mammals and birds that inhabit their forests. In 
many cases, local residents did not know that 
particular species inhabited their lands because 
of nocturnal or shy habits. Photographs of 
jaguars, puma with cubs, margay, jaguarondi, 
and lynx (Lynx rufus) were distributed among the 
local population through cell phones.  
Most communities where biological 
monitoring has been implemented have received 
some level of economic support, which, although 
insufficient, allows them to carry out monitoring 
activities. Interestingly, we noted that some 
communities have continued to monitor even 
without any financial support. PCMB facilitates 
evaluation of efforts by communities to protect 
wild species. The long-term continuity of 
biodiversity monitoring nonetheless will depend 
on the funding received. Thus, funding for these 
programs should be considered an investment 
that will eventually yield earnings in research, 
evidence-based management, and wildlife 
conservation (Molloy 2013, Piwowar et al. 2011, 
Fegraus and MacCarthy 2016).  
As a whole, this project recorded 32 medium 
and large-sized mammal species, which 
documents in these protected areas almost 60% 
11 http://www.teamnetwork.org/ 
12 http://www.wii.gov.in/.  
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of the medium and large mammals of Oaxaca 
(Briones-Salas et al. 2015). Through this paper, 
we seek to encourage research from community-
based monitoring of biodiversity projects in 
protected areas to improve the tools and 
knowledge available for effective wildlife 
management and conservation. PCMB has 
already made important contributions to the 
general knowledge and information regarding 
the conservation of several threatened and 
endangered mammals, and offers additional 
opportunities for projects related to 
biogeography and ecosystem services. PCMB 
provides open-access to camera-traps records 
gathered by local committees contributing to the 
dissemination of knowledge to inform 
biodiversity conservation efforts. 
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